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Jluco J[. A. Mopgem, Meroad Ta 3aco0M MAaTeMaTHYHOIO MOJICIIOBAHHS
JTUHAMIYHUX CTaHIB MapopiIUHHMX JBodazHux cucteM. — KpamidikaiiiiHa HaykoBa
npallsd Ha TpaBax PyKOTMHCY.

Hucepramiss Ha 3100yTTS HAYKOBOTO CTYINEHs JoKTopa Gutocodii 3a
cremianpHicTIO 121 — IHKeHepiss mporpamHoro 3aOesnedeHHs. — HarioHaabHUM
yHiBepcuteT «Onecbka nojitexHika», Oneca, 2023.

B poGoTi Oyio BupilieHO Ba)XKJIMBY HAYKOBO-MIPAKTUYHY 3a/1auy, SKa MOJSTae y
CTBOPEHHI MOJENel Ta METOJIB YHCJIOBOTO MOJICIIIOBAHHS JIMHAMIYHUX CTaHIB
NapopIAMHHUX ABO(PA3HUX CUCTEM — IPYHTYIOUMChH HA MIAXOA1 y3araJbHEHHS, a TAKOXK
y po3po0Ill IHCTPYMEHTAIBHUX MPOrPaMHO-AITOPUTMIYHUX 3aCO0IB MOJICIIIOBAHHS, SKi
3a0e3MeYy0Th KOHCTPYKTHUBHUN PO3B’SI30K 3a7ad B MPAKTHIN JOCHTIIKEHb Ta
IHKEHEPHUX PO3PaxXyHKIB JUIsl IMIMPOKOi TaMU EHEPreTHMYHUX MPOIECiB 1 00’ €KTIB
IPUPOIHOTO MOXOKEHHS Ta TEXHOJOTIYHOTO MPU3HAYCHHS.

3a pe3ynbTaTd JOCHIHKEHHS HHU3KH TPOMHCIOBO BAXKIUBUX (30Kpema, B
CHEpreTHIll, M00YBHINA, XIMIYHIN, MepepoOHId ragy3sx MMPOMHCIOBOCTI TOINO) Ta
NOIIUPEHUX Y NPUPOl (HAIpHUKIaA, pyX I'PYHTOBHUX BOJ, PO3MOBCIOKEHHS PIIKUX Ta
ra3o- 1 nmapomnojioHuX 3a0py/IHEHb, BUMAPOBYBAHHS 3 BIJCTIMHUKIB Ta (PUIBTpALlIfHIX
CIIOPYJT TOIIO) MpoIeciB 1 00’ €KTIB MOKa3aHO, M0 iX (Pi3MYHUI Tepedir BU3HAYAIOTh
JUHAMIYH1 CTaHU y NAapOpIAMHHUX ABO(a3HuX cucreMax. [Ipu npomy Oyio Bi3HAYEHO,
0 XBUJIHOBA JWHAMIKa JBO(A3HUX CUCTEM SBJISIE COOOI0 HOBUN PO3ALT MEXaHIKU
TFETEPOreHHUX CUCTEM Ta TEIIo(i3uKH, sikuii HaOyBae OCTaHHIM YacOM IHTEHCHUBHOIO
PO3BUTKY.

Pazom 3 Tum Oysio 3a3HaueHo, 10 Opak PO3BUHYTOI TEOPETUYHOI Oa3zu Ta
BUYEPIHUX MPAKTUYHUX JOCTIIKEHb Y L1A 00J1acTl MOTPEOYIOTh 3aIyYeHHS! Cy4YaCHUX
pe3yibTaTiB HENHIMHOI XBHUJIHOBOI JHMHAMIKUA, PO3POOKH HOBUX CIOCOOIB BpaxyBaHHS
MDK(}a3HOI B3a€MOJIii, BUKOPUCTAHHS CY4YaCHUX MOJIEJEH XBUJIHLOBUX PYyXiB, 30KpeMa
TaKMX SK «yJapHl XBWJI» Ta «MAaKeTHI XBWUJ1». BoaHouyac MoOKa3aHO /1€BICTh Ta

KOHCTPYKTHBHICTh 3aCTOCYBaHHS amapary BapialliiHUX HEPIBHOCTEH HJisi po3poOKU



aJIcKBaTHUX  MAaTeMAaTHMYHUX  MOJEJe  HEpIBHOBAaroBMX JIMHAMIYHUX  CTaHIB
NapopIIUHHUX IBO(AZHUX CHCTEM.

BukoHaHo aHanmi3 nUTaHb MaTEMaTHYHOTO OINUCY Ta MAIIMHHUX METO/IB
MaTEMaTUYHOTO MOJICIIOBAHHS TUHAMIYHUX CTAaHIB MapOPIAMHHUX ABOGA3ZHUX CUCTEM,
KWW J03BOJIMB BU3HAYUTU NPOOJEMATHKY 3a7ad TEOPETHYHOIO Ta MPAKTUYHOIO
XapakTepy, 110 BUHUKAIOTh [P [IbOMY.

3anpornoHOBaHO Ta Yy3araJlbHEHO MaTeMaTU4YHI MOJIeJll PIBHOBAaroBUX Ta
HEPIBHOBAaroBUX JWHAMIYHUX CTaHIB HNapOPIAMHHUX ABO(MA3HUX CUCTEM ISl HAMOUTbII
NOIIUPEHUX iX TMPOSBIB: PEXKUMY YTBOPEHHS Ta PO3MOBCIOXKCHHS  XBUJIb,
Oynbp0anIKOBOr0 peXMMYy Ta BHIAAKy 3 TPAHUICIO PO3AUTY KOMIIOHEHT Yy PIAMHHIN
ckaaoBii. Takoxx 3amporoOHOBAaHO METOIW iX (MOJeneil) YuciaoBoi peaiizalii, came:
JUIsi  pIBHOBAroBUX JWHAMIYHMX CTaHIB METOJ 3BOJUTHCS JI0 AUCKpeTH3allii
HENEpPEpPBHUX MATEMATHYHUX MOJIENEH 3a SBHO-HEABHOIO CXEMOK Ta MOAAJIBIIOTO
pO3B’sA3yBaHHS PpE3YyJbTYIOUOi CHUCTEMH JUCKPETHUX aireOpaidyHuX piBHSAHb 32
iTepaliiiHuM nporecom 3eiiens, a Jjs HEpIBHOBAroBUX JIMHAMIYHUX CTaHIB METO
MOJIATAE y PO3B’SI3yBaHHI ONTUMI3AIIAHOT 3a/1a4i 1 3BOJAUTHCS A0 MONIYKY MaKCUMyMy
byukiii ['aMibTOHA, 3aNIMCaHOl 71 PO3MIMPEHOT y3arajJbHEHOI MaTeMaTHYHOI MOJIeNI
JOCIIIIKYBAHOIO IMHAMIYHOIO CTaHy.

Po3pobneno KOMILJIEKC KOMII’ FOTEPHUX POOIEMHO-OPIEHTOBAHKX
1HCTPYMEHTAJIBbHUX MPOTPaMHUX 3aCO0IB MOJIENIIOBAHHS 32 JI0MOMOTOI0 SIKUX BUKOHAHO
YUCJIOBE JOCIIKEHHS 3allpONOHOBAHMX MAaTEMaTUYHUX MOJENIed pPIBHOBAaroBUX Ta
HEpPIBHOBAroBUX JHWHAMIYHUX CTaHIB TApOPIAMHHUX JABOGA3HUX CHUCTEM MpH
pO3B’A3yBaHHS HU3KU PEAbHUX MPUKIATHUX 3a]ad, 110 MiATBEPAUIO KOPEKTHICTh Ta
CHPOMOKHICTB IIUX MOJIEEH ISl MPAaKTUYHOI'O 3aCTOCYBAHHS.

KarouoBi ciaoBa: auHamiuHMi CcTaH, MapopiJMHHa JABoda3zHa cHUCTeMa,
XBUJIBOBUHM MpoLec, OyJIpOAalIKOBUN pPEXKHUM, MAaTeMaTHYHAa MOJENb, MOJEIIOBAaHHS,

YHCJIOBUU METO/I.
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ABSTRACT

Lys D. Models, methods and means of mathematical modeling of dynamic
states of vapor-liquid two-phase systems. — Qualifying scientific work as a copyrights
manuscript.

The dissertation on competition of a scientific degree of the doctor of
philosophy on a specialty 121 — Software engineering. — Odessa Polytechnic National
University, Odessa, Ukraine, 2023.

The work solved an important scientific and practical task, which consists in the
creation of models and methods of numerical simulation of dynamic states of vapor-
liquid two-phase systems — based on the unification approach, as well as in the
development of instrumental software and algorithmic modeling tools that provide a
constructive solution to problems in practice research and engineering calculations for a
wide range of energy processes and objects of natural origin and industrial type.

According to the results of the study, a number of industrially important (in
particular, in energy, mining, chemical, processing industries, etc.) and common in
nature (eg, groundwater movement, distribution of liquid and gaseous and vapor
pollutants, evaporation from settling tanks and filtration facilities, etc.) and objects, it is
shown that their physical course is determined by dynamic states in vapor-liquid two-
phase systems. It was noted that the wave dynamics of two-phase systems is a new
branch of the mechanics of heterogeneous systems and thermophysics, which has
recently been intensively developed.

However, it was noted that the lack of developed theoretical basis and
comprehensive practical research in this area requires the use of modern results of
nonlinear wave dynamics, development of new ways to account for interphase
interaction, use of modern models of wave motion, such as shock waves and packet
waves». At the same time, the efficiency and constructiveness of the application of the
apparatus of variational inequalities for the development of adequate mathematical

models of nonequilibrium dynamic states of vapor-liquid two-phase systems are shown.
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The analysis of questions of mathematical description and machine methods of
mathematical modeling of dynamic states of vapor-liquid two-phase systems is carried
out, which allowed to determine the problems of theoretical and practical problems that
arise in this case.

Mathematical models of equilibrium and nonequilibrium dynamic states of
vapor-liquid two-phase systems for the most common manifestations are proposed and
generalized: the mode of wave formation and propagation, bubble mode and the case
with the interface of components in the liquid component. Methods of their (models)
numerical realization are also offered, namely: for equilibrium dynamic states the
method is reduced to discretization of continuous mathematical models by implicit
scheme with weights and further solution of the obtained system of discrete equations
by Seidel iterative procedure, and for nonequilibrium dynamic states the method
consists in solving the optimization problem and is reduced to finding the maximum of
the Hamilton function written for the extended generalized mathematical model of the
studied dynamic state.

A set of computer problem-oriented modeling software tools was developed,
which performed a numerical study of the proposed mathematical models of
equilibrium and nonequilibrium dynamic states of vapor-liquid two-phase systems in
solving a number of real applications, which confirmed the correctness and ability of
these models for practical application.

Keywords: dynamic state, vapor-liquid two-phase system, wave process, bubble

mode, mathematical model, modeling, numerical method.
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